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(57) ABSTRACT 

An objective lens driving device is capable of efficiently and 
quickly correcting the tilt of an objective lens relative to a 
signal recording surface of an optical disk so that comatic 
aberration of a spot of a light beam formed on the signal 
recording surface of the optical disk is reduced. The objec- 
tive lens driving device for driving an objective lens (1) 
supported on a support block (6) supports the objective lens 
(1) by a support device (110) having a pair of support 
members (122, 124) disposed in a plane (120) perpendicular 
to the optical axis (la) of the objective lens (1). First parts 
(122a, 124a) of the pair of support members (122, 124) are 
fixed to a lens holder (2) holding the objective lens (1), and 
second parts (1226, 124b) are fixed to the support block (6). 
The rigidity, which represent the degree of difficulty in 
turning the objective lens (1) about an axis perpendicular to 
the optical axis (la) of the objective lens (1) and longitudinal 
axis of the support member (122, 124), of the first part 
(122a, 124a) of each support member (122, 124) is lower 
than that of the second part (1226, 1246) of the same support 
member (122, 124) connected to the support block (6). 

12 Claims, 29 Drawing Sheets 
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OBJECTIVE LENS MOUNTING APPARATUS 
AND OBJECTIVE LENS DRIVING 
APPARATUS 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates to an optical information 
recording/reproducing apparatus capable of recording infor- 
mation signals on an optical recording medium, such as an 
optical disk and/or reproducing information signals from the 10 
optical recording medium and, more particularly, to an 
objective lens driving device capable of efficiently and 
quickly correcting the tilt of an objective lens relative to a 
signal recording surface of an optical disk so that comatic 
aberration of a spot of a light beam formed on the signal 15 
recording surface of the optical disk is reduced, and an 
objective lens support device. 

2. Description of the Related Art 

An optical disk drive, namely an apparatus which projects 2Q 
a light beam on the signal recording surface of a rotating 
optical disk to read information signals recorded on the 
optical disk or to write information signals to the optical 
disk, employs an optical head as a means for writing 
(recording) and reading (reproducing) information signals. 25 
The optical head comprises, as principal components, a light 
source, such as a semiconductor laser, optical elements 
including a collimator lens, a beam splitter, an objective lens 
and a photodetector. A light beam emitted by the light source 
is guided by the optical elements including the collimator 3Q 
lens and the beam splitter to the objective lens, the objective 
lens focuses the light beam on the recording surface of the 
optical disk, a light beam reflected from the recording 
surface is detected by the photodetector for recording and 
reproducing information signals. 35 

An objective lens driving device drives the objective lens 
by an electromagnetic driving force to move the objective 
lens in directions parallel to two axes, i.e., a direction 
parallel to the axis of the light beam (focusing direction), 
which will be referred to as "beam axis", and a direction 40 
perpendicular to the beam axis (tracking direction). Thus, 
the light beam is focused on the recording surface of the 
optical disk and is moved correctly for scanning recording 
tracks. 

In either an integrated optical head integrally provided 45 
with an optical system or a sectional optical head having a 
fixed optical system and a movable objective lens, an 
objective lens driving device is able to move the objective 
lens by about ±0.6 mm along the focusing direction and 
about ±0.4 mm along the tracking direction. 50 

Generally, optical disks are resin moldings of a polycar- 
bonate resin or an acrylic resin and a subject to static 
warping after being molded. If the optical disk has a warp, 
pit surfaces slope and thereby a reflected light beam travels 
at an angle to a projected light beam. Therefore, if the angle 55 
between the reflected light beam and the projected light 
beam exceeds an allowable limit, the reflected light beam 
falls outside the field of the objective lens and hence an 
output corresponding to the intensity of the reflected light 
beam is reduced. If the pit surface slopes, a working track 60 
pitch between the adjacent tracks is reduced accordingly. 
Accordingly, if the diameter of a beam spot formed on the 
pit surface is fixed, information reproduced from pits of a 
track is liable to be affected by information recorded on pits 
of an adjacent track and the intensity of crosstalk increases. 65 

A known reproducing apparatus proposed to prevent the 
deterioration of reproducing performance is provided with a 
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tilt regulating servomechanism which turns an optical sys- 
tem including an objective lens in a plane including the 
objective lens according to the static warp of an optical disk 
so that the optical axis of the objective lens is always 
perpendicular to the pit surface. The reproducing apparatus 
provided with such a tilt regulating servomechanism is able 
to regulate the tilt of the objective lens only according to a 
static warp. 

An optical disk drive disclosed in JP-ANo. 7-65397 (cited 
reference) is capable of preventing the deterioration of 
signal quality due to the tilt of the beam axis of a light beam 
relative to the recording surface of an optical disk and of 
quickly correcting the tilt of the beam axis of the light beam 
relative to the recording surface of the optical disk varying 
according to the variation of the warp of the optical disk in 
one turn of the optical disk. In the optical disk drive 
disclosed in this cited reference, an objective lens holder 
holding an objective lens is supported by four flexible wires 
so that the objective lens holder can be turned in the 
directions of the focusing direction, the tracking direction 
and a direction in which the optical axis of the objective lens 
is tilted. A plurality of coils for focusing, tracking and tilting 
are attached to the objective lens holder. 

Such a mechanism of a four- wire actuator system shown 
in the cited reference inevitably increases the dimensions of 
the objective lens lens holder, i.e., a movable unit, and hence 
an objective lens driving device cannot be formed in a small 
thickness. In the mechanism of a four-wire actuator system 
shown in the cited reference, the center of radial tilt turning 
of the objective lens holder and the center of tangential tilt 
turning are dislocated greatly from the principal point of the 
objective lens. Therefore, the objective lens is dislocated 
from the beam axis of the incident light beam in proportion 
to the distance between the center of turning of the objective 
lens holder and the objective lens if the objective lens moves 
in the tilting direction of the beam axis of the light beam. 

In the mechanism of a four- wire actuator system shown in 
the cited reference, it is impossible to make the center of 
gravity of the objective lens holder and the center of 
tangential tilting of the objective lens holder coincide with 
each other, cross action resonance is liable to occur and 
auxiliary resonance occurs in frequency characteristics with 
respect to the directions of actions of the actuator. 

Furthermore, the mechanism of a four- wire actuator sys- 
tem shown in the cited reference needs an additional damp- 
ing mechanism for attenuating the amplitude level of the 
auxiliary resonance occurred in frequency characteristics 
with respect to the directions of actions of the actuator, 
which makes the miniaturization of the objective lens driv- 
ing device and the reduction of the cost of the objective lens 
driving device difficult. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
solve the foregoing problems in the prior art and to provide 
an objective lens driving device capable of efficiently and 
quickly correcting the tilt of an objective lens relative to a 
signal recording surface of an optical disk so that the 
comatic aberration of a spot formed by a light beam on the 
signal recording surface of the optical disk is reduced, and 
an objective lens support device. 

With the foregoing object in view, according to one aspect 
of the present invention, an objective lens support device 
comprises an objective lens, and a pair of support members 
supporting the objective lens. The pair of support members 
are disposed in a plane perpendicular to an optical axis of the 
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objective lens, each of the pair of support members has a first The first and the second bar-shaped member may be 

part connected to the objective lens and a second part connected so as to extend perpendicularly to each other, 

connected to a support block, the rigidity, which represent ^ rigidity of the first part of each of the air of s orl 

the degree o difficulty in turning the objective ens about an members may ^ lower by three 

or more orders of masni- 

axis perpendicular to the optical axis of the objective lens s mde , han ^ f (he xcood 

and the longitudinal axis of the support member, of the first r 

part connected to the objective lens is lower than that of the The objective lens may be held on a lens holder and the 

second part of the same support member connected to the first P arts of tne of support members may be fixed to the 

support block. lens holder to hold the objective lens through the lens holder 

Since the pair of support members are disposed in a plane 1Q b y the P air of support members, 

perpendicular to the optical axis of the objective lens, the The driving means may be of a moving magnet type 

objective lens can be easily held by the pair of support having magnets attached to the lens holder, and a coil 

members so that the center of turning motion for tilt cor- attached to the support block. 

rection coincides with the center of gravity of a movable ^ driyi means be of a movi ^ hayi 

body and he back pnncipal point of the objective lens. Since m aUached tQ ^ s ^ an * ^ > * 

the rigidity of the first part of each of the pair of support the lens holder 

members is lower than that of the second part of the same ^ ' _ 

support member, the objective lens can be supported so that u ™ e ' ° f a ™ vab ! e untt .nclud.ng at least 

tilt correction with respect to the tangential tilt direction or objective lens may be on the optical axis of the objective 

the radial tilt direction can be carried out separately from ! ens a P d m ^ luded 10 the Pl«« According to the present 

translation in the focusing direction and the tracking direc- 20 ""vention adverse resonance, such as cross action resonance 

t j 0 attributable to the turning motion of the objective lens lens, 

.' ,. . t.u .• can be prevented, and a satisfactory frequency characteris- 

According to another aspect of the present invention, an . _ r . ' , j t j 

..^•i ■ 1*^*1 tics can De secure u. 

objective lens driving device comprises an objective lens, a _ f , , ... 

pair of support members supporting the objective lens, and ™ e movable unit including the objective lens, the lens 

a driving means for driving the objective lens. The pair of 25 holder and the P lurallt y of magnets is movable relative to the 

support members are disposed in a plane perpendicular to an SU PP°" block f and [ ma * have its center of on the 

optical axis of the objective lens, each of the pair of support °P tlcal axis of an ? in a P lane Wlth the ob J eclive lens - ^ 

members has a first part connected to the objective lens and ? n , v j D S meaD f. of the movin S ma ? net ^ the lens 

a second part connected to a support block, the rigidity, holder accordin g to the P rescnt invention is able to prevent 

which represents the degree of difficulty in turning the 30 adverse resonance, such as cross action resonance, and to 

objective lens about an axis perpendicular to the optical axis secure satisfactory frequency characteristics, 

of the objective lens and the longitudinal axis of the support movable unit including the objective lens, the lens 

member, of the first part connected to the objective lens is nolder and tne plurality of coils and movable relative to the 

lower than that of the second part connected to the support fixed member may be on the plane and have its center of 

block. 35 gravity on the optical axis of the objective lens. The driving 

Since the pair of support members is disposed in a plane means of the movin S coil ^ including the lens holder is 

perpendicular to the optical axis of the objective lens, the able t0 prevent adverse resonance, such as cross action 

objective lens can be easily held by the pair of support resonance, and to secure satisfactory frequency characteris- 

members so that the center of turning motion for till cor- 4Q tlcs ' 

rection coincides with the center of gravity of a movable The driving means may be capable of turning the objec- 

body and the back principal point of the objective lens. Since tive lens about two axes perpendicular to each other and 

the rigidity of the first part of each of the pair of support included in the plane perpendicular to the optical axis of the 

members is lower than that of the second part of the same, objective lens. 

the objective lens can be supported so that operations for 45 The plane perpendicular to the optical axis of the objec- 

controlling tilt correction with respect to the tangential tilt tive lens may include a point substantially fixed regardless 

direction or the radial tilt direction can be carried out of the turning motion of the objective lens. According to the 

separately from operations for controlling driving operation present invention, adverse resonance, such as cross action 

for translation in the focusing direction and the tracking resonance attributable to the turning motion of the objective 

direction. 5Q lens, can be prevented and satisfactory frequency character- 

The first part of each of the pair of support members may istics can be secured, 

be a member having a rigidity lower than that of a member The plane perpendicular to the optical axis of the objec- 

serving as the second part of the same. tive lens may coincide substantially with the principal plane 

The first part of each of the pair of support members may of the objective lens lens. According to the present 

be an elastic member made of silicone rubber or the like, and 5S invention, the objective lens lens can be held by the pair of 

the second part of the same may be a flexible member, such support members so that the displacement and the comatic 

as a metal wire. aberration of the spot of the light beam on the signal 

The first part of each of the pair of support members may recording surface of the optical disk are reduced, 

be an elastic member made of silicone rubber or the like, and The center of turning motion of the objective lens may be 

the second part of the same may be a flexible composite 60 on tne plane and the optical axis of the objective lens, 

member consisting of an elastic member, such as a silicone According to the present invention, adverse resonance, such 

rubber member, and flexible members, such as metal wires. as cross action resonance attributable to the turning motion 

Each of the pair of support members may have a first of the objective lens can be prevented and satisfactory 

bar-shaped member forming the second part and extended frequency characteristics can be secured, 

from the support block, and a second bar-shaped member 65 The center of turning motion of the objective lens may 

forming the first part and having an end connected to an end coincide substantially with the center of gravity of a mov- 

of the first bar-shaped member. able unit including the objective lens and capable of moving 
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relative to the support block. According to the present in a spot of a uniform intensity distribution only on a single 

invention, adverse resonance, such as cross action resonance bit 100a by the objective lens 1 owing to the tilt correction 

attributable to the turning motion of the objective lens lens, of the objective lens 1 in the state shown in FIG. 6(e) and 

can be prevented, and satisfactory frequency characteristics crosstalk is avoided. Component members of a support 110 

can be secured. 5 included in the objective lens driving device of the present 

The center of turning motion of the objective lens may invention for supporting the objective lens 1 are disposed in 

coincide substantially with the back principal point of the a plane perpendicular to the optical axis la of the objective 

objective lens. According to the present invention, the l ens 1- 

displacement and the comatic aberration of the spot of the _ >nTrr _, nkT7c _ nTn _ <0kXT a^/ik^o 

light beam on the signal recording surface of the optical disk 10 BRTEF DESCRIPTION OF THE DRAWINGS 

can be reduced, tilt correction can be achieved high Preferred embodiments of the present invention will be 

accuracy, and crosstalk can be avoided, described hereinafter with reference to the accompanying 

The driving means may comprise an electromagnetic drawings, in which: 

driving element and a magnetic block may be disposed in a piG. 1 is a schematic perspective view of an objective 

magnetic path defined by the electromagnetic driving ele- lens driving device in a pre ferred embodiment according to 

ment. According to the present invention, the objective lens me present invention; 

can be quickly and surely returned to its neutral position by ,™ ^. • • t * ♦ 

the ma netic drivin element 2 is a perspective view of assistance in explaining 

* S ' ■ the disposition of the objective lens driving device shown in 

The support member may have a first bar-shaped member 2Q 1 relative to a disk, and driving direction; 

connected to the support block, and a second bar-shaped * • u ** *• * • * 

, rv , ... , . , c t FIG. 3 is a schematic perspective view of assistance in 

member connected to the objective lens and the first bar- ... iU . 4 - . . ... , . . , 

. . , , A , J - 4 , , explaining the relation between a disk and an objective lens 

shaped member, and the magnetism or the magnetic blocks drivin direction' 

may be exerted on the first bar-shaped members so that the J> Mr * 

first bar-shaped members are extended substantially longi- „ . FIG f 4 ( fl) a " d 4( £> are d ' a g rarnraallc views of assistance 

tudinally. According to the present invention, the objective 25 m explaining the effect of magnetic resilience in a state 

lens can be stably held by the pair of support members. where magnetic resilience is available and a state where 

. .j. j.. magnetic resilience is not available, respectively; 

The plurality of magnets may be magnetized in a direction ^ r J 

in which the second parts of the support members are FIGS - ^ and S ^ are views respectively showing a 

extended from the support block. According to the present 30 stale where the center of turmn g motlon of the movable unit 

invention, the objective lens can be stably held by the pair coincides with the back principal point of the objective lens, 

of support members and a state wnere tne center of turning motion of the 

„, . . _. , , , ,,, , tui ■ . movable units does not coincide with the back principal 

The objective lens may be held by a lens holder having the . 4 c tU , . . , ,. , _ . • 

i uj. L point of l»e objective lens and a spot of a light beam is 

shape ot a flat plate, the lens holder may be disposed so that a\*ac * 

._ *[_. , • _,. • i . • i • r . dislocated from a correct position; 

its thickness, i.e., a dimension along the optical axis of the 35 r 

objective lens, is bisected by the plane. According to the FIGS * 6 ^ t0 6 0O are diagrammatic views respectively 

present invention, the lens holder can be stably held by the showin S a state where a dlsk is not war P ed relative to lne 

support members so that the lens holder may not produce beam axis of a ll S ht beam incidenl on an objective lens 

any unnecessary torque. (HG.6(a)), a state where a light beam is focused in a spot on 

.... , * i * . . , a/\ a single bit by an objective lens in the state shown in FIG, 

Hie objective lens may be held on a lens holder hiving .the «o » ^ ^ ^ ^ ^ 

shape of a flat plate, and the lens holder may be disposed so , u v ..... ■ c . . „ v. /" , 

, lr.i_.i_-i . ■_• - i the light beam is focused in a spot by the objective lens on 

that the middle point of the thickness, i.e., a dimension along . u - t " A _ t • /\ i . or c/ x ... 

it _ t . . • r .... , r _i_ i_- _• i a bit and an adjacent in the state shown in FIG. wc) bit 

the optical axis of the objective lens, of the objective lens . t . t . u V. ,. , , 4 . . . . 

. . ■ ... , . ... ■ . r.u .... , because the tilt of the objective lens relative to the disk is not 

coincides with the back principal point of the objective lens. . , //ttt^ _/^\ *♦ u *u a- i * a a 

A . ■ . • .* .t_ . r_. • c a* corrected ((FIG. 6(a)), a state where the disk is warped and 

According to the present invention, the center of turning of 43 4 , ... r. ... • , JC _ w 

. r, -i _., the position of the objective lens is changed tor tilt correc- 

the movable unit and the back principal point of the obi ec- //T - Tr , w A . , . * n • j a 

. . , . r, , , . , . tion ((FIG. o(e)), and a state where crosstalk is avoided 

tive lens can be made to coincide stably with each other. . \ * u <-+u u* i - «u 

J owing to the correction of the tilt of the objective lens in the 

The present invention will be outlined with reference to state s hown in FIG 6(e) (FIG 6(f))' 

FIGS. 6(a) to 6(7). r , n - - . t , r .■ ( - , 

v J v/ 50 FIG. 7 is a schematic plan view oi an objective lens 

FIG. 6(a) shows a state where a disk 100 is not warped driving device in a second embodiment according to the 

relative to the beam axis 102a of a light beam 102 incident present invention; 

on an objective lens 1, and FIG. 6(b) shows a state where the UT ^ c • n * Uamnt > • . „ rtf t . • M - , 

i- L . i_ ■ r _i_.i_ t_. t . FIG, o is a schematic side view ot the objective lens 

light beam 102 is focused in a spot by the objective lens 1 A ■■ . . _■ „ f 

i -i l-, inn . .* J t , driving device of FIG. 7; 

on only a single bit I00a and the spot does not overlap the ° . 

adjacent bits 100_> in the state shown in FIG. 6(a). 55 ™- 9 is a schematic sectional view taken on line A-A 

FIG. 6(c) shows a state where the disk 100 is warped -I . , . 

relative to the beam axis 102a of the light beam 102 incident FIG ' 10 15 a sectl0nal view of a su PP ort raember; 

on the objective lens 1, and FIG. 6(d) shows a state where FIG - 11 * a schematic plan view of an objective lens 

the light beam 102 is focused in a spot by the objective lens 60 driving device in a second embodiment according to the 

1 on a bit 100a and an adjacent bit 100/? because the tilt of present invention; 

the objective lens 1 relative to the disk 100 is not corrected. FIG. 12 is a schematic side view of the objective lens 

FIG. 6(e) shows a stale where the disk 100 is warped drivin S device of FIG - n > 

relative to the beam axis 102a of the light beam 102, and the FIG. 13 is a schematic sectional view of a joint of a lens 

position of the objective lens 1 is changed for lilt correction 65 holder and a support member; 

by an objective lens driving device of the present invention. FIG. 14 is a schematic sectional view of another joint of 

FIG. 6(f) shows a state where the light beam 102 is focused a lens holder and a support member; 
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FIG. 15 is a schematic plan view of a pair of support parallel to a tangent to a track of the disk 100. Directions of 

members each provided internally with an L-sbaped wire; turning or tilting about the radial tilt axis 105 are called 

FIG. 16 an enlarged sectional view of a support member radial tilt directions 108. Directions parallel to the beam axis 

and a lens holder shown in FIG. 15; l<*2a are called focusing directions. 

FIG. 17 is a schematic plan view of a pair of support 5 FIG - 3 shows lhe disposition of the objective lens 1 

members each provided internally with an L-shaped wire relative to the disk 100. The optical axis la of the objective 

having a part stuck in a lens holder; lens 1 coincides with the beam axis 102a when tilt correction 

FIG. 18 is an enlarged sectional view showing a joint of ? not u made ' Tilt f>^ tion * the tilt ing of the objective lens 

a support member and a lens holder shown in FIG. 17; in JiB thc tan S enlial tlU predion 107 or the radial tilt direction 

*T „ A . ' 30 108 to create a state illustrated in FIGS. 6(e) and 6(f). 

FIG. 19 is an enlarged sectional view showing another A1 . . 4 * **w j iL j* i -i. 

■ ■ t r ^ i ji uiju * iri^ Although the tangential tilt axis 104 and the radial tilt axis 

joint of a support member and a lens holder shown in FIG. & , - 4 . , ... . ~ M . 

rtr 105 are spaced from the objective lens driving device 101 in 

FIGS. 2 and 3, actually, the tangential tilt axis 104 and the 

FIG. 20 is a schematic sectional view of different second radial tiu axis 105 are preferably included in a plane 

parts of a pair of support members on the side of a support is includiQg a suppor t dev ice 110 in a state where the optical 

k^ 00 ^ axis la of the objective lens 1 coincides with the beam axis 

FIG. 21 is an enlarged sectional view of the second part 102a. 

of thc support member on the side of the support block The objective lens driving device 101 in the first embodi- 

shown in FIG. 20; meQt W jjj fc e described hereinafter with reference to the 

FIG. 22 is a schematic plan view of an objective lens 20 accompanying drawings, 

driving device of a moving coil type; Referring to FIG. 1, a support block 6, is connected to a 

FIG. 23 is a schematic side view of the objective lens moving device, not shown, for moving the objective lens 

driving device of FIG. 22; driving device 101 in the tracking direction 106, and the 

FIG. 24 is a schematic sectional view taken on line C— C 25 objective lens driving device 101 supports thc objective lens 

in FIG. 22* 1 0D the support block 6 and drives the objective lens 1. The 

- u i e u- *• i objective lens driving device 101 comprises a lens holder 2 

FIG, 25 is a schematic plan view of an objective lens , J . it _ , - & , . . ■ ■ 

rle.viVe. in « thirf p.fnhnrfimp.nt xrmrLo th, having the shape of a square plate and holding the objective 



driving device in a third embodiment according to the 
present invention 



lens 1, a support device 110 supporting the lens holder 2 

. . , n holding the objective lens 1, and a magnetic actuator for 

HG. 26 is a schematic sectional view taken on hneD—D 30 driving the ob j ec tive lens 1, comprising a plurality of 

in Wu. 25, magnetic circuits including driving coil assemblies 112 and 

FIG. 27 is a schematic plan view of an objective lens 114, magnets 116 and 118, and magnetic blocks 136 and 

driving device embodying the present invention provided 138. 

with a pair of support members each provided internally ^ support device 110 has a pair of equivalent support 

with four wires; members 122 and 124 disposed in a plane 120 perpendicular 

FIG. 28 is a sectional view of a support member shown in to the optical axis la of the objective lens 1. The support 

FIG. 27 provided with wires of a round cross section; members 122 and 124 have first ends 122a and 124a- fixed 

FIG. 29 is a sectional view of a support member shown in respectively to the opposite side surfaces of the lens holder 

FIG. 27 provided with wires of a square cross section; 40 2 , and second ends 1226 and 124Z> fixed to the support block 

FIG. 30 is a schematic plan view of an objective lens 6 The suprx)rt members 122 and 124 have first bar-shaped 

driving device in a fourth embodiment according to the P arts \ 2 * an ? l2 \ exte " d ^ from the support block 6, and 

present invention* second bar-shaped parts 128 and 129 fixed to the lens holder 

~- . ' , , .. c 2 and joined perpendicularly to the free ends of the first 

H u' 31 ,V/ Che .. ma u C ^ clw ? V1CW ° f . a m W9? « bar-shaped parts 126 and 127, respectively. 

member included in the objective lens driving device of FIG. 45 ™ . .,. ,. , ^ T , r ,.«- , 

I ne rigidity, which represents the degree of difficulty m 

' turning the objective lens 1 about an axis 130 extending 

FIGS. 32(a), 32(b), 32(c) and 32(d) are typical views of tnrough the first ends u2a and 124a of the support members 

possible support members; and m and m of the first ends U2a and U4a ^ bwer than 

FIGS. 33(a) and 33(6) are schematic plan views of 5Q that of the second ends 122b and 124b of the support 

magnetized lens holders. members 122 and 124. 

nccrDiDTrnw tuu DDcrcDDcn * n tn ^ embodiment, the second bar-shaped parts 128 and 

DESCRIPTION OF THE ^PREFERRED U9 are dastic memDers made 0 f silicone rubber and the first 

bar-shaped parts 126 and 127 are metal wires, i.e., flexible 



EMBODIMENTS 



Referring to FIG. 2 showing the disposition of an objec- 55 members. The rigidity of the second bar-shaped parts 128 

tive lens driving device 101 relative to a disk 100 in a first and 129 made of silicone rubber is lower by three or more 

embodiment according to the present invention, a light beam orders of magnitude than that of the first bar-shaped parts 

102 emitted by a semiconductor laser or thc like, not shown, 126 and 127. 

and incident on an objective lens 1 has a beam axis 102a Each of the driving coil assemblies 112 and 114 has a 

extending in a focusing direction, and a tangential tilt axis 60 focusing coil, a tracking coil, a radial tilt coil and a tangen- 

104 and a radial tilt axis 105 (direction tangent to the disk) tial tilt coil. The driving coil assemblies 112 and 114 

which are perpendicular to each other and to the beam axis consisting of the plurality of coils, and the electromagnetic 

102a. The tangential tilt axis 104 is parallel to a tracking 116 and 118 constitute the plurality of component magnetic 

direction 106 in which the objective lens driving device 101 circuits of the magnetic actuator. 

moves for tracking relative to the disk 100. Directions of 65 Driving currents are supplied to the coils of the driving 

turning or tilting about the tangential tilt axis 104 are called coil assemblies 112 and 114 by a power source, not shown, 

tangential tilt directions 107. The radial tilt axis 105 is The driving currents are controlled on the basis of control 
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signals to control driving operations to drive a movable unit 
30 including the objective lens 1 for movement relative to 
the support block 6. 

The objective lens 1 can be translated in the focusing 
direction parallel to the beam axis 102a, and the tracking 5 
direction 106, and can be turned in the tangential tilt 
direction 107 and the radial tilt direction 108 for tilt correc- 
tion by electromagnetic driving forces generated by the 
plurality of magnetic circuits when driving currents are 
supplied to the component coils of the driving coil assem- 10 
blies 112 and 114. Thus, electromagnetic actuator having the 
plurality of magnetic circuits including the driving coil 
assemblies 112 and 114 is capable of driving the objective 
lens 1 for translation in the focusing direction and the 
tracking direction 106 along the two axis and for turning in 15 
the tangential tilt direction 107 and in the radial tilt direction 
108 about the two axis. 

As mentioned above, the second bar-shaped parts 128 and 
129 are made of silicone rubber, and have a very low rigidity 
as compared with that of the first bar-shaped parts 126 and 20 
127. Therefore, the distortion of the second bar-shaped parts 
128 and 129 and that of the first bar-shaped parts 126 and 
127 can be separately controlled. Consequently, a control 
operation for turning the objective lens 1 in the tangential 
direction 107 and the radial tilt direction 108 for tilt correc- 25 
tion and a control operation for driving the objective lens 1 
in the focusing direction and the tracking direction can be 
separately carried out, so that highly accurate tilt correction 
can be achieved. 

The driving coil assemblies 112 and 114 are connected to 30 
the support block 6, and the magnets 116 and 118 are fixed 
to the lens holder 2 fixedly holding the objective lens 1, so 
that the magnets 116 and 118 move together with the 
objective lens 1. The movable unit 30 movable relative to the 
support block 6 comprises the objective lens 1, the lens 35 
holder 2 and the magnets 116 and 118. As shown in FIG. 1, 
the magnet 116 is fixed to an end of the lens holder 2 farther 
from the support block 6, and the magnet 118 is fixed to an 
end of the lens holder 2 nearer to the support block 6. The 
driving coil assemblies 112 and 114 are fixed to the support 40 
block 6 so as to be opposite to the magnets 116 and 118, 
respectively. 

It is also possible to build a driving device of a moving 
coil type by fixing the driving coil assemblies 112 and 114 45 
to the lens holder and connecting the magnets 116 and 118 
to the support block 6 so that the magnets 116 and 118 are 
opposite to the magnets 116 and 118, respectively. 

The positional relation between the objective lens 1, the 
lens holder 2 and the magnets 116 and 118 is determined so 50 
that the center of gravity of the movable unit 30 is on the 
plane 120 and the optical axis la of the objective lens 1. 

The center of turning motions of the movable unit 30 for 
tilt correction in the tangential tilt direction 107 and the 
radial tilt direction 108 is on the plane 120 and the optical 55 
axis la of the objective lens 1 and coincides substantially 
with the center of gravity of the movable unit 30. 

Since the center of turning motion of the movable unit 30 
coincides substantially with the center of gravity of the 
movable unit 30, adverse resonance, such as cross action 60 
resonance, can be prevented and the magnetic actuator is 
able to move the lens holder 2 holding the objective lens 1 
in the foregoing direction in satisfactory frequency charac- 
teristics. Even if adverse auxiliary resonance exhibited by 
the magnetic actuator in connection with the frequency 65 
characteristics of the driving action of the magnetic actuator 
owing to the dimensional accuracy of parts and the assem- 
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bling accuracy of the magnetic actuator, the resonance can 
be effectively attenuated and the amplitude of the auxiliary 
resonance can be reduced to an insignificant level by the 
support members 122 and 124 because the first ends 122a 
and 124a of the support members 122 and 124 are made of 
silicone rubber. 

The center of turning motion in the tangential tilt direction 
107 and the radial tilt direction 108 of the movable unit 30 
for tilt correction coincides substantially with the back 
principal point of the objective lens 1. The plane 120 
coincides substantially with the principal plane of the objec- 
tive lens 1. FIG. 5(a) shows a state where the center 132 of 
turning motion of the movable unit 30 coincides with the 
back principal point 134 of the objective lens 1. FIG. 5(b) 
shows a state where the center 132 of turning motion of the 
movable unit 30 does not coincide with the back principal 
point 134 of the objective lens 1 for comparison. 

If the center 132 of turning motion of the movable unit 30 
does not coincide with the back principal point 134 of the 
objective lens 1 as shown in FIG. 5(6), a focusing point 
where the light beam 102 is focused in a spot on the disk 100 
is dislocated by a shift error 6 from a correct position when 
the objective lens 1 is turned and, consequently, the stable 
control of the magnetic actuator cannot be achieved. 

If the center 132 of turning motion of the movable unit 30 
coincides with the back principal point 134 of the objective 
lens 1 as shown in FIG. 5(a), the beam axis 102a of the light 
beam passes the back principal point 134 and, consequently, 
the incident light beam 102 travels forward from the back 
principal point 134, so that the shift error 6 can be eliminated 
and the stable control of the magnetic actuator can be 
achieved. 

The thickness, i.e., a dimension along the optical axis la 
of the objective lens 1, of the lens holder 2 is bisected by the 
plane 120 including the back principal point 134 of the 
objective lens 1. Therefore, the lens holder does not produce 
unnecessary torque, can be stably supported on the support 
members 122 and 124, and makes the center 132 of turning 
motion of the movable unit 30 coincide stably with the back 
principal point 134 of the objective lens 1. 

A method of restoring the movable unit 30 to its neutral 
position will be described with reference to FIGS. 4(a) and 
4(6). 

As shown in a partly cutaway view in FIG. 1, the 
magnetic coil assemblies 112 and 114 are provided inter- 
nally with the magnetic blocks 136 and 138 disposed 
opposite to the magnets 116 and 118, respectively. FIG. 4(a) 
shows the objective lens driving device 101 in this embodi- 
ment provided with the magnetic blocks 136 and 136 
disposed opposite to the magnets 116 and 118, respectively, 
and FIG. 4(b) shows an objective lens driving device not 
provided with any element corresponding to the 136 and 138 
for comparison. When the movable unit 30 including the 
lens holder 2 is moved in the focusing direction parallel to 
the beam axis 102a of the light beam 102, the first bar- 
shaped part 126 undergoes bending deformation. If the 
objective lens driving device 101 is not provided with any 
elements corresponding to the magnetic blocks 136 and 138 
as shown in FIG. 4(6), the lens holder 2 is tilted relative to 
the beam axis 102a and, consequently, the movable unit 30 
is tilted as it is moved in the focusing direction and hence 
accurate focusing operation cannot be achieved. 

In the objective lens driving device 101 of the present 
invention provided with the magnetic blocks 136 and 138 as 
shown in FIG. 4(a), a magnetic resilience 140, namely, 
magnetic attraction, works between the magnetic block 136 
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and the magnet 116. The magnetic resilience 140, namely, 
the magnetic attraction, works against the movement of the 
magnet 116 along the beam axis 102a relative to the mag- 
netic block 136 and tries to hold the movable unit 30 at its 
predetermined neutral position. Similarly, a magnetic resil- 
ience 142 works between the magnetic block 138 and the 
magnet 118. Consequently, the lens holder 2 can be 
restrained from tilting relative to the beam axis 102a and can 
be stably held in its normal position as shown in FIG. 4(a) 
by the agency of the magnetic resilience 140 and 142, and 
the movable unit 30 can be controlled for focusing without 
being tilted. 

As shown in FIG. 1, the magnets 116 and 118 are 
magnetized in a direction parallel to the length of the first 
bar-shaped parts 126 and 127. Therefore, the magnetic 
resiliences 140 and 142 have components of force acting in 
a direction along the length of the first bar-shaped parts 126 
and 127, in which high resilience acts, and do not have any 
components of force acting in the direction of the axes of the 
second bar-shaped parts 128 and 129. Thus, the lens holder 
2 can be stably supported on the support members 122 and 
124. 

The magnetic flux of the magnets 116 and 118 or the size 
of magnetic gaps are determined so that the spring constant 
of the magnetic resilience 140 acting between the magnetic 
block 136 and the magnet 116 is greater than that of the 
magnetic resilience 142 acting between the magnetic block 
138 and the magnet 118 to avoid the bending or the buckling 
of the first bar-shaped parts 126 and 127 by the magnetic 
resiliences 140 and 142, namely, the magnetic attractions, 
acting to extend the first bar-shaped parts 126 and 127 
longitudinally. Thus, the lens holder 2 can be stably sup- 
ported on the support members 122 and 124. 

As is apparent from the foregoing description, the objec- 
tive lens driving device 101 in this embodiment is capable 
of separately carrying out operations for turning the movable 
unit 30 in the tangential tilt direction 107 and the radial tilt 
direction 108 for tilt correction, and operations for moving 
the movable unit 30 in the focusing direction and the 
tracking direction. Therefore, the tilt of the movable unit 30 
can be highly accurately and quickly corrected and hence the 
comatic aberration of the spot of the light beam on the signal 
recording surface of the optical disk 100 can be reduced. 

An objective lens driving device 101 in a second embodi- 
ment according to the present invention will be described 
with reference to FIGS. 7 to 9. Referring to FIGS. 7 to 9, the 
objective lens driving device 101 comprises a lens holder 2 
holding an objective lens 1, four magnets Sa, 56, 5c and 5d 
attached to the lens holder 2, a pair or support members la 
and 76, focusing coils 9a and 96, tracking coils 10a, 106, 
10c, and 104 radial tilt correcting coils 11a, 11 b } 11c and 
114 tangential tilt correcting coils 12a and 126, and four 
magnetic blocks 13a, 136, 13c and 13d disposed in the 
plurality of coils 9a, 9b, 10a 10b, 10c, lOd 11a, 116 11c and 
llo*. 

The focusing coils 9a and 9b are used for correcting the 
position of the objective lens 1 with respect to a focusing 
direction, namely, a direction along the beam axis 102a of a 
light beam 102. The tracking coils 10a, 106, 10c and 10a" are 
used for correcting the position of the objective lens 1 with 
respect to a tracking direction. The radial tilt correcting coils 
11a, 116, 11c and 11a* are used for correcting the tilt of the 
objective lens 1 with respect to a radial tilt direction 108. 
The tangential tilt correcting coils 12a and 126 are used for 
correcting the tilt of the objective lens 1 with respect to a 
tangential direction 107. 
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The pair of substantially L-shaped support members la 
and 76support the lens holder 2 so that the lens holder 2 can 
be translated in the focusing direction and the tracking 
direction 106 and can be turned in the radial tilt direction 

5 108 and the tangential tilt direction 107. First ends of the pair 
of support members 7a and 76 are fixed to the lens holder 2, 
and second ends of the same are fixed to a support block 6. 

The plurality of coils 9a, 96, 10a, 106, 10c, 10a", Ua, 116, 
11c, 114 12a and 126 for driving he lens holder for 

30 translation in the focusing direction and the tracking direc- 
tion 106 and for turning in the radial tilt direction 108 and 
the tangential tilt direction 107 are disposed on a base block 
8 holding the support block 6. 
The magnet 5a and the magnetic block 13a, the magnet 56 

15 and the magnetic block 136, the magnet 5c and the magnetic 
block 13c, and the magnet 5a" and the magnetic block 13a* are 
combined to form magnetic circuits, respectively. Currents 
arc supplied individually to the focusing coils 9a and 96, 
tracking coils 10a, 106, 10c and 104 the radial tilt correcting 

20 coils 11a, 116, 11c and lid, and the tangential tilt correcting 
coils 12a and 126. Then, the focusing coils 9a and 96, 
tracking coils 10a, 106, 10c and 104 the radial tilt correcting 
coils 11a, 116, 11c and 114 and the tangential tilt correcting 
coils 12a and 126 produce predetermined Lorentz forces to 

25 move the lens holder 2 in desired directions for translation 
along the two axes and for turning about the two axes. 

The objective lens driving device 101 in the second 
embodiment is provided with the magnetic blocks 13a, 136, 

30 13c and 13a" for driving operations in a high sensitivity, 
however, the magnetic blocks 13a, 136, 13c and 13a* may be 
omitted, and open magnetic circuits having only the magnets 
5a, 56, 5c and 5a* may be employed instead of the foregoing 
magnetic circuits of the magnet 5a and the magnetic block 

35 13a, the magnet 56 and the magnetic block 136, the magnet 
5c and the magnetic block 13c and the magnet 5d and the 
magnetic block 13a". The objective lens driving device 101 
in the second embodiment is of a moving magnet type. 
Naturally, various modifications of the coils and the mag- 

40 netic circuits are possible. 

In the objective lens driving device 101 in the second 
embodiment, the pair of support members 7a and 76 are 
disposed in a plane 120 perpendicular to the optical axis la 
of the objective lens 1. A principal material forming the 

45 support members 7a and 76 is elastic rubber. Second parts 
17 of the pair of support members 7a and 76, extending in 
a tangential direction parallel to the radial tilt axis 105 have 
bar-shaped bodies 15a and 156 made of elastic rubber and 
flexible wires 14a and 146 extended in the bar-shaped bodies 

50 15a and 156 to enhance the rigidity of the second parts of the 
pair of support members 7a and 76, extending in a tangential 
direction parallel to the radial tilt axis 105. 

The support members 7a and 76 are the same in con- 
struction and hence only the support member 76 will be 

55 described with reference to FIG. 10 showing the support 
member 76 in a sectional view. As shown in FIG. 10, the 
support member 76 has a first part 16 made of elastic rubber, 
and a second part 17 having made of elastic rubber and 
strengthened by the wire 146. When the lens holder 2 is 

60 driven for tangential tilt correction, the first part 16 is twisted 
about an axis parallel to the tangential tilt direction 107. If 
the second parts 17 have only the bar-shaped bodies 15a and 
156 made of elastic rubber and are not provided with the 
wires 14a and 146, i.e., if the support members 7a and 76 are 

65 made of only elastic rubber, the second parts 17 extending 
in the tangential direction parallel to the radial tilt axis 105 
are deformed greatly. If the second parts 17 are deformed 
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greatly, the lens holder 2 undergoes not only tangential schematic sectional view taken on line B — B in FIG, 11. 

tilting but also unnecessary displacement in the focusing Referring to FIGS. 11 and 12, an incident light beam 3 

direction and in a direction parallel to the radial tilt axis 105. travels in a direction perpendicular to the optical axis 4 of an 

If the support members la and lb are made of a uniform objective lens 1 and falls on a reflecting mirror 18, and the 

material, the second parts 17 are inevitably subject to 5 reflecting mirror 18 reflects the light beam 3 toward the 

deformation entailing the unnecessary displacement of the objective lens lens 1. As is obvious from FIG. 12, the 

lens holder 2, which will be explained below. objective lens driving device can be built in a relatively thin 

The torsional rigidity of the shaded first part 16, namely, construction, 

rigidity resisting twisting in the tangential tilt direction 107, FIG. 13 shows a joint of a lens holder 2 and a support 

^inversely proportional to the length of the first part 16. The 10 member ?a ^ ti ^ yiew * 

bending rigidity of the second part 17, namely, rigidity f c \ ; 4 c , , 1e /1CIA . c . . 

resisting bending in the tangential tilt direction 107, is su £ ace ° f * first P ar < of a K bod y ^ < 15 ? ™f ° f elasl , ic 

inversely proporfional to the length of the second part 17. rubber 1 of th u e fW° rt member 7a (7*) is bonded adhesively 

The length of the first part 16 is inevitably far smaller than 10 the lens holder 2 Wlth an adhes,ve 19 ' 

that of the second part 17 to secure a degree of freedom of FIG. 14 shows a joint of the lens holder 2 and the support 

motion in the focusing direction. Therefore, the torsional 15 member la (lb) in a modification of the joint shown in FIG. 

rigidity of the shaded first part 16, namely, rigidity resisting 13. An end portion of the first part of the body 15a (15b) 

twisting in the tangential tilt direction 107, is inevitably made of elastic rubber of the support member la (7b) is 

higher than the bending rigidity of the second part 17, fitted in a hole 20a formed in the lens holder 2 and is bonded 

namely, rigidity resisting bending in the tangential tilt direc- adhesively to the lens holder 2 with an adhesive 19. The joint 

tion 107. 20 shown in FIG. 14 has a high bonding strength and facilitates 

In order that the second parts 17 are hardly subject to the positional adjustment of the support members la and lb 

unnecessary deformation, the second parts 17 of the pair of on the lens holder 2 when assembling the support members 

support members la and lb are preferably bar-shaped bod- la and lb and the lens holder 2. 

ies 15a and 15b made of elastic rubber, and the flexible wires ^ An objective lens driving device in a fourth embodiment 

14a and 14b of a metal having a Young's modulus more than according to the present invention will be described with 

10,000 times that of the elastic rubber forming the bar- reference to FIGS. 15 to 19. 

shaped bodies 15a and 156, extend within the bar-shaped E acn Q f a pair of L-shaped support members la and lb 

bodies 15a and 15b. Any suitable parts having a sufficiently has a first part extending in a direction parallel to tracking 

high rigidity may be employed instead of the wires 14a and 3Q direction 106, and a second part extending in a direction 

parallel to a radial tilt axis 105. Wires 14a and 14b are 

The second parts 17 extended in parallel to the radial tilt extended through the first parts and the second parts of the 

axis 105 may be only wires not coated with elastic rubber or support members la and lb, respectively. As shown in FIG. 

the like. It is essential to design the first parts 16 and the 15, end sections of parts of the wires 14a and 14b extending 

second parts so that that the respective rigidities of the first 35 through the second part of the support members 7a and lb 

parts 16 and the second parts 17 are greatly different from are stuck into a support block 6 nearby end surface of the 

each other, and the second parts 17 are deformed scarcely lens holder 2. 

and only the first parts 16 are twisted greatly when the lens Referring to FIG, 16 showing a joint of the support 

holder 2 is tilted in the tangential tilt direction 107. member 7a (lb) and a lens holder 2 included in the objective 

Elastic materials suitable for forming the bar-shaped 40 lens driving device shown in FIG. 15 in an enlarged sec- 
bodies 15a and 15b are butyl rubber, neoprene, silicone tional view, the end surface of a first part 16 of a body 15a 
rubber, natural rubber and such. Since the bar-shaped bodies (l$b) made of elastic rubber of the support member 7a (lb) 
15a and 15b, namely, the principal parts of the support excluding a portion around the end surface of the wire 14a 
members la and lb, are made of elastic rubber, the support (I4fc) is bonded adhesively to the lens holder 2 with an 
members la and lb have a satisfactory damping effect, and 45 adhesive 19. End surfaces of parts of the L-shaped wires 14a 
satisfactory frequency characteristics can be secured with and 146, extending in the first parts 16 in the tracking 
respect to the four axes. direction 106 are not bonded to the lens holder 2. Therefore, 

In the objective lens driving device 101 in the second when the lens holder 2 is turned for tangential tilting, only 

embodiment, the center of gravity of the movable unit 30 the first parts 16 of the bodies 15a and 156 of the support 

comprising the objective lens 1, the lens holder 2 and the 50 members 7a and lb are twisted in a tangential tilt direction 

magnets 5a, 5b, 5c and 5b is on the optical axis 4 of the 107. In the objective lens driving device shown in FIGS. 15 

objective lens 1 and on the plane 120 perpendicular to the and 16, the first parts 16 of the bodies 15a and 15b of elastic 

optical axis 4, and the plane 120 perpendicular to the optical rubber are not compressed in a tracking direction 106 when 

axis 4 coincides with the principal plane of the objective lens the lens holder 2 is displaced in the tracking direction 106 

1. Therefore, the spot of the light beam formed on the signal ss because the parts of the wires 14a and 14b extending in the 

recording surface of the disk will not be shifted when the tracking direction 106 rest on the side surfaces of the lens 

objective lens 1 is turned. holder 2 and, consequently, a precise tracing operation can 

An objective lens driving device in a third embodiment be achieved, 

according to the present invention will be described here- In a modification shown in FIGS. 17 and 18, end portions 

inafter with reference to FIGS. 11 to 14. In the following 60 of the parts of the L-shaped wires 14a and 14b y extending in 

description of preferred embodiments of the present the tracking direction 106 are loosely stuck in the lens holder 

invention, parts like or corresponding to those shown in 2. Referring to FIG. 18 showing a joint of the support 

FIGS. 7 to 10 are designated by the same reference char- member 7a (lb) and the lens holder 2 included in the 

acters and the description thereof will be omitted to avoid objective lens driving device shown in FIG. 17 in an 

duplication. 65 enlarged sectional view, the end surface of a first part 16 of 

FIG. 11 is a schematic plan view of the objective lens a body 15a (15b) made of elastic rubber of the support 

driving device in the third embodiment, and FIG. 12 is a member 7a (lb) excluding a portion around the end surface 
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of the wire 14a (14/)) is bonded adhesively to the lens holder very satisfactory frequency characteristics with respect to 

2 with an adhesive 19. End portions of the parts of the directions of four axes. 

L-shaped wires 14a and 146, extending in the tracking An objective lens driving device in a sixth embodiment 

direction 106 arc loosely stuck in the lens holder 2 and arc according to the present invention will be described with 

not bonded to the lens holder 2. Therefore, when the lens 5 reference to FIGS. 22 to 24. 

holder 2 is turned for tangential tilting, only the first parts 16 Referring to FIGS. 22 to 24, the objective lens driving 

of the bodies 15a and 156 of the support members la and 76, device comprises a lens holder 2 holding an objective lens 

extending in the tracking direction 106 are twisted in a x for f ocusing a light beam 3 on an optical disk, focusing 

tangential tilt direction 107. coiIs 2 \ a an d 2\b attached to the lens holder 2, tracking coils 

FIG, 19 shows a joint of the lens holder 2 and the support ™ 22a, 22b, 22c and 22a*, radial tilt coils 23a, 23b, 23c and 23d, 

member la (lb) in a modification of the joint shown in FIG. tangential tilt coils 24a and 24b, a pair of support members 

18. An end portion of a first part 16 of a body 15a (15b) l a and lb for supporting the lens holder 2, a base block 8, 

made of elastic rubber of the support member la (lb) is magnets 26a and 26b mounted on the base block 8, and 

fitted in a hole formed in the lens holder 2 and is bonded yokes 25a and 25b, 25c, 25d, 25e and 25/ formed on the base 

adhesively to the lens holder 2 with an adhesive 19. End 15 block 8, 

portions of parts of the L-shaped wires 14a and 146, Each of the pair of support members 7a and 76 has a shape 

extending in the tracking direction 106 are loosely stuck in resembling the letter L, and has a first part and a second part 

bores 20 formed in the lens holder 2 and are not bonded to extending perpendicularly to the first part. The support 

the lens holder 2. Therefore, when the lens holder 2 is turned mem bers 7a and lb support the lens holder 2 so that the lens 

for tangential tilting, only the first parts 16 of the bodies 15a 20 ho[der 2 can be translated in a f ocusing directions, namely, 

and 156 of the support members 7a and lb, extending in the directions parallel to the beam axis 102a of a light beam 102, 

tracking direction 106 are twisted in a tangential tilt direc- and tracking directions 106, and can be turned in radial tilt 

tion 107. directions 108 and tangential tilt directions 107. Each of the 

In the objective lens driving device shown in FIGS. 17, 18 pair of support members 7a and lb have a first end con- 

and 19, the first parts 16 of the bodies 15a and 15b of elastic 25 nected to the lens holder 2 and a second end connected to a 

rubber are not compressed in a tracking direction 106 when support block 6. 

the lens holder 2 is displaced in the tracking direction 106 mag nets 26a and 26b, and the yokes 25a and 256, 

because the parts of the wires 14a and 146, extending in the 25c, 25a*, 25e and 25/ formed on the base block 8 are 

tracking direction 106 rest on the bottom surfaces of the arranged to drive the lens holder 2 for translation in the 

bores 20 of the lens holder 2 and, consequently, a precise focusing directions and the tracking directions 106, and for 

tracing operation can be achieved. Since the parts of the turning in the radial tilt directions 108 and the tangential tilt 

wires 14a and 146, extending in the tracking direction 106 directions 107. 

are fitted in the bores 20 formed in the lens holder 2 so as ^ magmi 2 5a is combined with the yokes 25a, 25b and 

to be anally slidable in the tracking direction 106 and so as 25Cj and the magne| 2$b fc combined ^ the yokes 25 d, 

to be turnable in the tangential tilt direction 107, the first 25e and 25 /to form magnetic circuits. Currents are supplied 

parts 16 of the bodies 15a and 156 made of elastic rubber are individually to the focusing coils 21a and 216, the tracking 

not deformed in the focusing direction when the lens holder coils ^ 22b, 22c and 22d, the radial tilt coils 23a, 23b, 23c 

2 is displaced in the focusing direction and, consequently, a and 23a*, and the tangential tilt coils 24a and 24b to produce 

precise focusing operation can be achieved. ^ predetermined Lorentz forces in the focusing coils 21a and 

Although the end surfaces of the first parts of the bodies 216, the tracking coils 22a, 226, 22c and 220*, the radial tilt 

15a and 156 of elastic rubber of the support members 7a and coils 23a, 236, 23c and 23a*, and the tangential tilt coils 24a 

76 are bonded adhesively to the side surfaces of the lens and 246 to drive the lens holder 2 for translation along two 

holder 2 with the adhesive in the embodiments shown in axes and for turning about two axes. The objective lens 

FIGS. 13 to 19, naturally, the end surfaces of the first parts 45 driving device in this embodiment is of a moving coil type, 

of the bodies 15a and 156 may be joined to the lens holder Various modifications of the arrangement of the coils and the 

2 by any suitable method other than a method which bonds configuration of the magnetic circuits are possible, 

the end surfaces of the first parts of the bodies 15a and 156 j n this objective lens driving device, the pair of support 

adhesively to the lens holder 2. For example, end portions of members 7a and 76 may be similar to any one of the pairs 

the first parts of the bodies 15a and 156 of elastic rubber may 5Q 0 f support members shown in FIGS. 7 to 21. The effect of 

be fitted in holes formed in side surfaces of the lens holder this objective lens driving device is the same as that of the 

2 so that the first parts are immovable relative to the lens foregoing objective lens driving devices of the moving 

holder 2 in the tracking direction 106 and the tangential lilt magnet type. 

direction 107. ^ 0D j ec tive lens driving device of a moving coil type in 

An objective lens driving device in a fifth embodiment 55 a seventh embodiment according to the present invention 

according to the present invention will be described with will be described hereinafter. FIG. 25 is a schematic plan 

reference to FIGS. 20 and 21. The objective lens driving view of the objective lens driving device in the seventh 

device in the fifth embodiment differs from the objective embodiment, and FIG. 26 is a schematic sectional view 

lens driving device in the foregoing embodiments in joints taken on line D— D in FIG. 25. Referring to FIGS. 25 and 

of a pair of support members 7a and 76 and a support block 60 26, an incident light beam 3 travels in a direction perpen- 

6. dicular to the optical axis 4 of an objective lens 1 and falls 

Referring to FIG. 21, and end portion of a second part of on a reflecting mirror 18, and the reflecting mirror 18 reflects 

a body 15a (156) of the support member 7a (76) is fixedly the light beam 3 toward the objective lens lens 1. As is 

embedded in the support block 6, and an end portion of a obvious from FIG. 26, the objective lens driving device can 

wire 14a (146) is fixedly stuck in the support block 6. This 65 be built in a relatively thin construction, 

combination of the support block 6 and the support members In this objective lens driving device, joints of a lens holder 

7a and 76 further enhances the damping effect and provides 2 and first ends of a pair of support members 7a and 76, the 
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arrangement of wires 14a and 14b in the pair of support have a torsional rigidity with respect to the tangential tilt 

members la and lb, and joints of second ends of the pair of direction far lower than the bending rigidity of the first 

support members la and lb and a support block 6 may be bar-shaped parts 126 and 127. 

the same as those in the foregoing embodiments. , n thc support devicc shown in mQ 32( ^ the 

An objective lens driving device in an eighth embodiment 5 bar-shaped parts 128 and 129 are formed in a sectional area 

according to the present invention will be described here- far smallef than that of the first bar . shaped parts 126 and 127 

ma ^ e 5* • ™^r. *~ ™ r , so that the torsional rigidity with respect to the tangential tilt 

Referring to FIGS. 27 to 29, a pair of support members ,1a direction of the second bar . shaped parts 128 ^ 129 is far 

and lb are provided mternally with four wires 27a, 21b, 21c lower than ^ bendi ri ^ di of the fifst bar . sh d rts 

and 21d, and four wires 21e, 27/, 27g and 21n, respectively, in 17/: h 177 

The wires 21a, 21b, 27c, 21 d, 21e, 21 % 21 g and 21h are ^° ma 

arranged in the support members la and lb, and have a cross nQ support members 122 and 124 shown m FIGS. 32(a), 

section as shown in FIG. 28 or 29. The wires 27a, 276, 27c, 32(6), 32(c) or 32(a) may be metal wires or plastic wires. 

27a*, 27e, 27/, 27g and 21 h have a circular cross section in Therefore, the support members 122 and 124 have a simple 

FIG. 28, or the wires 27a, 21b, 27c, 27d, 21 e, 27/, 27g and structure and can be easily manufactured. 

21h have a square cross section. Naturally, there is no 15 FIGS. 33(a) and 33(6) show lens holders in modifications 

particular restriction on the sectional shape of the wires 27a, 0 f the lens holders 2 employed in the objective lens driving 

276, 27c, 21d, 21e, 27/, 21g and 21h. devices in the foregoing embodiments. The lens holder 2 

Thc eight wires 27a, 276, 27c, 27a*, 21e, 27/ 27$ and 21h shown ia pre. 33(a) is magnetized in a single magnet, and 

arranged in the support members 7a and 76 can be used as the lens holder 2 shown in FIG. 33(6) is magnetized in two 

lead wires for a plurality of coils. If the wires 27a, 276, 27c, magnets. It goes without saying that the magnetized lens 

27a", 27e, 27/, 27g and 21h are employed as lead wires for holders 2 are able to form magnetic circuits in combination 

supplying current to the plurality of coils, any flexible cables w j tn driving coils and magnetic blocks. The lens holders 2 

for supplying current to the coils are not necessary. may be made of a magnetic plastic material. If the magne- 

In this embodiment, driving currents can be supplied ^ tized lens holder 2 is employed, any additional magnets are 

through the eight wires 27a, 276, 27c, 27a", 27<?, 27/ 21 g and unnecessary and the objective lens driving device can be 

21 h of the support members 7a and 76 to focusing coils 21a built in a very compact construction, 

and 216, tracking coils 22a, 226, 22c and 22a", radial tilt coils As is apparent from the foregoing description, the objec- 

23a, 236, 23c and 23o\ and tangential tilt coils 24a and 246, tive lens driving device according t0 the preseQt mve ntion is 

which are mounted on a lens holder 2. 3Q capa5 , e of achieving tilt correction and of highly accurately 

The support members 7a and 76 may have first parts 15a aad qu ickly correcting thc tilt of the objective lens relative 

and 156 made of elastic rubber and attached to the lens to the signal recording surface of the optical disk so that the 

holder 2, and wires serving as second parts 14a and 146 and comatic aberration of the spot of the light beam on the signal 

having ends connected to a support block 6 as shown in recording surface of the optical disk can be reduced. 

FIGS. 30 and 31. As shown in FIG. 31, the second parts 14a au™.^^ ■ m , M , , „ I ,i„„.u a~ u a • c~a 

, «. ... ' . , , * „ r 35 Although the invention has been desenbed in its preferred 

(146) has a linear portion having a sectional shape of, for . A - * u • 1 u j • *• 

, y . b . . F ' j embodiments, obviously many changes and variations are 

example, 100 pm square, and an annular portion connected t tU • t* • *u c * u a * a *u * *u 

* *l c a r.L 1* , 4 f. c 1 r , possible therein. It is therefore to be understood that the 

to the tree end 01 the linear portion and to the free end of the 4 ■ # - , j *u • *u 

n A t1 . . . !, present invention may be practiced otherwise than as spe- 

iirst part 15a (156) of elastic rubber. c „ u , , • , , r t , 

*m j n • i t . r cihcally desenbed herein without departing from the scope 

Modifications of the support devices of the objective lens 40 and S pi r |t thereof, 

driving devices in the foregoing embodiments will be Wnat ^ c i a i me d [ s - 

described hereinafter with reference to FIGS, 32(a) to 32(d). L ^ objective lens support device used in correcting a 

Each of support device shown in FIGS. 32(a) to 32(d) has position of an objective lens in a focilsing direction and m 

a pair of support members 122 and 124. The support a tracking direction and further correcting a position of the 

members 122 and 124 have first bar-shaped parts 126 and 45 ob j ect ive lens in at least one of a tangential tilt direction and 

127 projecting from a support block 6, and second bar- a radial tilt directioDj the objective lens support device 
shaped parts 128 and 129 joined perpendicularly to the free comprising: 

ends of the first bar-shaped parts 126 and 127, respectively. , . ' A j L ,j L 

The torsional rigidity, namely, the rigidity resisting twisting a ^ er conslnlcted and *™g ed '° hold the objec- 

in the tangential tilt direction, of the second bar-shaped parts 50 1 ' 

128 and 129 is relatively low, and the bending rigidity, a P air of support members supporting said lens holder; 
namely, the rigidity resisting bending in the tangential tilt an ^ 

direction, of the first bar-shaped parts 126 and 127 is a support block supporting the pair of support members; 

relatively high. the pair of support members being disposed in a plane 

In the support device shown in FIG. 32(a), the second 55 substantially perpendicular to an optical axis of the 

bar-shaped parts 128 and 129 have the shape of a coil spring objective lens, 

and have a torsional rigidity with respect to the tangential tilt each of the pair of support members having a first part and 

direction far lower than the bending rigidity of the first a second part, the first part having a first end and a 

bar-shaped parts 126 and 127. second end connected to the lens holder, the second part 

In the support device shown in FIG . 32(b), necks are 60 having a first end connected the first end of the first part 

formed in the second bar-shaped parts 128 and 129, and a second end connected to the support block, 

respectively, so that the torsional rigidity with respect to the the rotary rigidity of the first part in the tangential tilt 

tangential tilt direction of the second bar-shaped parts 128 direction being smaller than the rotary rigidity of the 

and 129 is far lower than the bending rigidity of the first second part in the tangential tilt direction, 

bar-shaped parts 126 and 127. 65 2. An objective lens support device used in correcting a 

In the support device shown in FIG. 32(c), the second position of an objective lens in a focusing direction and in 

bar-shaped parts 128 and 129 have a bifurcate shape and a tracking direction and further correcting a position of the 
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objective lens in at least one of a tangential tilt direction and 
a radial tilt direction, the objective lens support device 
comprising: 

a lens holder constructed and arranged to hold the objec- 
tive lens; 5 

a pair of support members supporting said lens holder; 
and 



a support block supporting the pair of support members; 
and 



10 



a driver constructed and arranged to drive the lens holder; 
the pair of support members being disposed in a plane 

substantially perpendicular to an optical axis of the 

objective lens, 

each of the pair of support members having a first part and 35 
a second part, the first part having a first end and a 
second end connected to the lens holder, the second part 
having a first end connected the first end of the first part 
and a second end connected to the support block, 

the rotary rigidity of the first part in the tangential tilt 20 
direction being smaller than the rotary rigidity of the 
second part in the tangential tilt direction. 

3. An objective lens driving device according to claim 2, 
wherein the second part of each of the pair of support 
members is a member having a rigidity higher than that of 25 
a member serving as the first part of the same support 
member 

4. An objective lens driving device according to claim 2, 
wherein the first part of each of the pair of support members 
comprises an elastic member, and the second part of each of 30 
the pair of support members comprises a flexible member. 

5. An objective lens driving device according to claim 2, 
wherein the first part of each of the pair of support members 
comprises an elastic member, and the second part of each of 
the pair of support members comprises a composite member 35 
comprising an elastic member, and a flexible member. 



6. An objective lens driving device according to claim 2, 
wherein the drive includes a magnet attached to the lens 
holder, and a coil attached to the support block. 

7. An objective lens driving device according to claim 2, 
wherein the driver has a magnet attached to the support 
block, and a coil attached to the lens holder. 

8. An objective lens driving device according to claim 2, 
wherein a movable unit including at least the objective lens 
has its center of gravity on the plane perpendicular to the 
optical axis of the objective lens, and on the optical axis of 
the objective lens. 

9. An objective lens driving device according to claim 2, 
wherein the driver drives the objective lens for turning about 
two perpendicularly intersecting axes included in the plane 
perpendicular to the optical axis of the objective lens. 

10. An objective lens driving device according to claim 2, 
wherein the driver comprises driving coils, and at least one 
magnetic circuit which comprises at least one of a magnet 
and a magnetic block. 

11. An objective lens driving device according to claim 
10, wherein each of the pair of support members has a 
second bar-shaped member forming the second part and 
extended from the support block, and a first bar-shaped 
member forming the first part; and 

a magnetic force exerted by the magnetic circuit is exerted 
on each of the second bar-shaped members so that the 
second bar-shaped members are extended substantially 
longitudinally. 

12. An objective lens driving device according to claim 2, 
wherein the first part of each of the pair of support members 
is an elastic rubber, and the second part of each of the pair 
of support members is a metal rod or a plastic rod. 
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